A.
Normal Anatomy of Auditory Periphery (Basic Studies)
Fine Morphology of the Tectorial Membrane
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Recent laboratory data have pointed to the importance of understanding the way in which the sensory cilia -tectorial membrane coupling contributes to auditory sensory transduction. The nature of this coupli.. -,s become a focal point of debate. In order to elucidate the relationship between the inner and outer hair cell ciliary coupling mechanisms, fresh organs of Corti, preserved in either artificial endolymph or artificial perilymph, were studied using the inverted phase contrast microscope and cinephotography. The results show that the tectorial membrane has
Lall the known substructural details in the fresh state. Although freemoving cilia of the inner hair cells were not observed, outer hair cell I ciliary attachment was strongly indicated in this study. The difficulty of showing free-moving inner hair cell cilia, if they are not firmly attached to the tectorial membrane is probably due to the stiffness of the cilia in the fresh condition, unlike in the fixed state in which they are f.accid. This system is analogous to the auditory system, in which the sensory cilia of the inner hair cells are freestanding and the sensory cilia of the outer hair cells are embedded in the tectorial membrane. Therefore, the suggestion has been made that there is a dichotomy in sensory transduction throughout the mammalian inner ear, both auditory and vestibular.
__
For a detailed report see Addendum III.
Current Review of SE14 Techniques for Inner Ear Sensory Organs
Special SEM applications, such as fresh tissue examination, fresh frozen freeze-fractured and freeze-dried tissue examination, and x-ray analysis, in inner ear study were examined with emphasis on their merits and demerits.
Using Lane'. environmental control stage, a wet piece of cochlea was examined. Problems encountered were charging of the specimens, rapid evaporation, and ice formation. Even with these problems, a usable image of the basilar membrane was obtainable.
Freeze-dried or freeze-fractured fresh inner ear tissues provided well-preserved cupulae, organic substances of the endolymph and organ of Corti, and, to a lesser extent, tectorial membranes. One of the major problems with the freeze-drying technique was ice crystal damage. X-ray microanalysis of the freeze-dried endolymph and tectorial membrane revealed that it appears not to be saturated with endolymph.
Using the tectorial membrane as an example, the reliability of SEM findings was studied by comparing fresh and fixed tissue with the light microscope, transmission electron microscope (TEM) and SEM. Substructures
(cover net, marginal band, Hensen's stripe, and fibrotic texture of the membrane proper) observed by SEM in fixed tectorial membranes were also clearly seen in fresh tissue examined using a phase contrast microscope, supporting the credibility of SEM findings. Trabeculae of Hensen's stripe, which were observed using the SEM on fixed tissue, were also demonstrated by TEM, as well as SEM using freeze-fractured fresh organs of Corti, giving strong supportive evidence that the SEM findings are reliable if a high standard of specimen preparation is met.
For a detailed report see Addendum IV.
B.
Acoustic Trauma Studies
Trauma of the Ear from Infrasound
Twenty-seven chinchillas received continuous or intermittent infrasound (1, 10, 20 Hz) at 150, 160, or 170 dB SPL; there were five controls. Serial sections of the temporal bones were examined using light microscopy. Pathologies noted were tympanic membrane perforation, stapes subluxation, bleeding from the middle ear mucosa and tensor tympani, strial pathology, Reissner's membrane rupture, endolymphatic hydrops, saccular wall rupture, hair cell damage, and blood in the cochlear scalae.
Continuous infrasound was more damaging than intermittent. Only continuous infrasound produced saccular pathology and perforations of the tym- 
Anatomic Correlates of Noise-Induced Hearing Loss
This study reviewed the state of knowledge concerning the relationship between anatomic evidence of cochlear damage and the parameters of noise exposure that induced hearing loss in laboratory animals.
Various anatomic changes induced by noise trauma were reviewed. These changes include damage to sensory cilia and supporting cells, hydrops, pathology of the stria vascularis and external sulcus cells.
For a detailed report see Addendum V.
Acoustic Reflex Decay in Chinchillas during a Long-Term
Exposure to Noise
Reflex decay to 0.5 kHz octave-band noise at 95 dB SPL was measured in chinchillas during four 2-hour exposure periods separated by 11-minute quiet intervals. Round window electrodes were implanted in six animals. Measures of acoustic reflex decay were inferred from amplitude changes in the cochlear microphonic generated by the octave-band noise.
Reflex decay followed essentially the same time course during each exposure period. Vigorous muscular contraction to the signed onset was followed by gradual decay that asymptoted between 30 and 50% of its initial value. The process of decay seemed to be complete some time between 8
and 30 minutes. The results suggest that the middle ear muscles in chinchillas provide some protective function during exposures of fairly long duration.
For a detailed report see Addendum VI.
Temporary Threshold Shift following 24-Hour Noise Exposure
Nine men were exposed to 24 hours of continuous noise in a sound field. The noise was an octave band centered at 4 kHz at levels 80 and 85
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dB. Hearing thresholds were measured monaurally at 11 test frequencies ranging from 250 to 10000 Hz before, during, and after exposure. Temporary threshold shift (TTS) reached maximum levels at 6 to 12 hours exposure. Maximum TTS occurred at 4 and 6 kHz. Mean asymptotic threshold shifts (ATS) resulting from the 80-dB exposure level were 9.3 dB for 4 kHz and 7.2 dB for 6 kHz. For the 85-dB noise level, these theshold shifts were 17.8 dB and 14.6 dB respectively. The increase in ATS with increase of noise level for these two frequencies could be fitted with a straight line having a slope of 1.6.
For a detailed report see Addendum VII.
Asymptotic Threshold Shift in People with Sensorineural Hearing Loss
Twelve men with mild to moderate sensorineural hearing loss in the frequency range of 3-6 kHz were exposed to 24 hours of ccntinuous noise. The noise was an octave band centered at 4 kHz at a level of 85 dB. Hearing thresholds were measured monaurally at 11 test frequencies ranging from 250 to 10,000 Hz prior to exposure and at selected intervals during and after exposure. Temporary threshold shift (TTS) development followed a similar time course to that observed in normal-hearing subjects, asymptotic levels being reached between 8 and 12 hours of noise exposure.
Maximum TTS occurred at 4 and 6 kHz. The amount of TTS was less for the subjects with sensorineural hearing loss than for people with normal hearing. However, the sound pressure level required to detect pure tone (shifted thresholds) following noise exposure was greater in the group with hearing loss than was measured in the normal-hearing subjects.
Within the limits of this experiment, a sensorineural hearing loss does I I seen to exert a significant effect on change in hearing sensitivity resulting from noise exposure.
For a detailed report see Addendum VIII.
Reflex Threshold Shift in Chinchillas following a Prolonged
The acoustic reflex is considered to reduce transmission across the middle ear and thereby protect the inner ear from intense sounds. The 
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assumption is valud that noise that does not produce a measurable temporary change in hearing sensitivity (NIPTS) will not produce permanent hearing loss (NIPTS), and if asymptotic threshold shift (ATS) represents the limit of predictable hearing loss that would be expected from a given noise condition, then the measurement of the lowest intensity capable of producing ATS should provide a valid estimate of the upper limits of safe noise levels. The purpose of this study was to determine the level of noise necessary to produce measurable ATS following 24 hours of exposure interrupted only to assess hearing sensitivity.
a. Experimental Conditions
Subjects: 10 adult males with normal hearing for each of 4 noise levels. Normal hearing is defined as threshold hearing levels of 15 dB or less for the audiometric frequencies.
Test Frequencies: 250, 500, 1000, 1500, 2000, 3000, 4000, 6000, and 8000 Hz.
Test Technique: Monaural, self-recording audiometry.
Threshold was tracked for 40 seconds at each frequency. .
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The spectrum of the sound field as determined by a 1/3 octave-band analysis is shown in Figure 2 . The data points represent the mean for observations made at 27 locations in the sound field.
The mean threshold hearing levels for the 10 test subjects used in each of the exposure conditions are presented in Figure 3 . The bars in the figure represent the standard deviation for these measures.
ATS was determined by averaging the temporary threshold shift (TTS) measured at 8, 16, and 24 hours of exposure. The mean ATS as a function of frequency is graphed in Figure 4 for each of the noise levels 76 through 85 dBA. The only statistically significant shifts occurred at LA of 85 dB for the frequencies 1000, 1500, and 4000 Hz. Despite the lack of statistical significance there does seem to be a systematic increase in ATS as the noise levels increase, particularly at 1.0 and 1.5 kHz. 
c. Conclusions
(1) The only statistically signifi int threshold shifts measured following a 24-hour exposure occurred at 85 dBA and at the frequencies 1000, 1500, and 4000 Hz.
(2) There was a trend for systematic develonment over the 4 levels of exposure, particularly at 1000 and 1500 Hz. (4) These results would support the contention that broadband noise levels of 80 dBA or less could be considered safe.
9. Effects on the Auditory System from in Utero Noise Exposure in
Lambs
The purpose of this study was to determine if the auditory systems of lambs would exhibit structural or hearing damage as a result of noise exposure during fetal development.
A total of 18 lambs were used, of which nine were exposed to noise during their fetal development and nine control lambs were exposed only to normal environmental sounds pre-and postnatally. All the lambs had their auditory sensitivity assessed at between 30 and 40 days of age using scalp electrodes to measure brainstem evoked response (BER) to click stimuli.
The BER thresholds for all lambs were found to be within the range of normal auditory sensitivity for this procedure.
Following the BER measurements, the lambs were sacrificed and the temporal bones removed, embedded in celloidin, and serially sectioned for evaluation under the light microscope. During the assessment of auditory sensitivity and the evaluation of cochlear morphology, the investigators
were not informed about the lambs' noise exposure history.
The morphological evaluation revealed abnormalities in both the control and exposed cochleas. The control ears ( 
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collapsed or fused tectorial membranes in 4 ears (22%). The exposed ears (Table 2) exhibited the same morphological anomalies, but the frequency and severity of the conditions were greater in the exposed groups. Seven of the 18 exposed ears (38%) exhibited cochlear hydrops, 10 ears (55%)
showed signs of damage or degeneration in the supportive cells of the organ of Corti, and 6 (33%) had anomalies o-Reissner's or the tectorial membrane.
Blood vessels were found on Reissner's membrane and running between
Reissner's membrane and the walls of the cochlear scalae and stria vascularis in both the control and experimental animals. Even though the exposed ears exhibited almost twice the number of morphological anomalies found in the control group, we interpreted these data to be histological artifacts since the control ears also displayed these same ancmalies.
However, the possibility that the neonatal noise exposure may have delayed the development of the organ of Corti could not be ruled out. 
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